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Biomass  is  the  major  energy  source  in  Ghana  contributing  about  64%  of  Ghana’s  primary  energy  supply.  In 
this  paper,  an  assessment  of  biomass  resources  and  biofuels  production  potential  in  Ghana  is  given.  The 
broad  areas  of  energy  crops,  agricultural  crop  residues,  forest  products  residues,  urban  wastes  and  animal 
wastes  are  included.  Animal  wastes  are  limited  to  those  produced  by  domesticated  livestock.  Agricultural 
residues  included  those  generated  from  sugarcane,  maize,  rice,  cocoa,  oil  palm,  coconut,  sorghum  and 
millet  processing.  The  urban  category  is  subdivided  into  municipal  solid  waste,  food  waste,  sewage 
sludge  or  bio-solids  and  waste  grease.  The  availability  of  these  types  of  biomass,  together  with  a  brief 
description  of  possible  biomass  conversion  routes,  sustainability  measures,  and  current  research  and 
development  activities  in  Ghana  is  given.  It  is  concluded  that  a  large  availability  of  biomass  in  Ghana 
gives  a  great  potential  for  biofuels  production  from  these  biomass  resources. 

©  2010  Elsevier  Ltd.  All  rights  reserved. 
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Fig.  1.  Energy  balance  in  Ghana  in  2007  (total  =  9.50  Mtoe)  [6]. 


1.  Introduction 

Biomass  is  becoming  increasingly  important  globally  as  a  clean 
alternative  source  of  energy  to  fossil  fuel  as  a  result  of  rising  energy 
demand,  high  cost  of  fossil  fuels,  dwindling  fossil  fuel  reserves  and 
contribution  of  fossil  fuel  usage  to  greenhouse  effect.  In  Ghana,  the 
primary  energy  supply  is  based  on  biomass,  mainly  firewood  and 
charcoal  (64%),  petroleum  (27%),  and  electricity  (9%)  (Fig.  1). 
Electricity  generation  is  from  two  hydro-electric  power  plants  and 
a  thermal  plant  [1-3].  Currently,  the  country  is  dependent  entirely 
on  imports  for  oil  requirements,  but  it  has  an  oil  refinery  with  a 
capacity  of  45,000  barrels  of  oil  per  day  [4].  However,  in  2007,  a 
major  fossil  fuel  discovery  was  made  in  the  country  which  has  the 
potential  to  reduce  the  dependence  on  imported  oil.  The  transport 
sector  consumes  around  78%  of  annual  consumption  of  petroleum 
products,  which  consists  mainly  of  gas  oil  (diesel),  gasoline, 
kerosene,  and  liquefied  gas.  With  the  completion  of  the  West 
African  Gas  Pipeline  project,  it  is  expected  that  Ghana  and  other 
countries  such  as  Benin  and  Togo  would  be  provided  with  natural 
gas  from  Nigeria  [5,6]. 

The  country’s  total  land  area  of  23,853,900  ha  is  divided  into  ten 
administrative  regions.  Approximately  14,850,000  ha  of  the  total 
land  area  are  classified  as  an  agricultural  land  area,  of  which  arable 
land  constitutes  28%  and  permanent  crops  16%.  In  2008,  the 
population  of  the  country  was  estimated  at  23.351  million 
inhabitants,  with  a  growth  rate  of  2.0%  per  annum.  Gross  domestic 
product  (GDP)  was  US$7.20  billion  in  2007  (Table  1 )  [7].  About  68% 
of  the  country’s  population  live  in  rural  areas.  The  domestic 
economy  revolves  around  agriculture,  which  accounted  for  about 
37%  of  GDP  and  employed  about  57%  of  the  work  force,  mainly 
small  landholders  in  2005. 

The  industrial  sector  accounts  for  about  25%  of  GDP.  Gold  and 
cocoa  are  the  major  sources  of  foreign  exchange.  Other  major 


Table  2 

Consumption  of  wood  fuel  and  wood  charcoal  in  Ghana,  2004-2008  [9]. 


Year 

Wood  fuel  (m3) 

Wood  charcoal  (tonnes) 

2004 

20,678,000 

752,000 

2005 

20,678,000 

752,000 

2006 

33,039,530 

1,358,977 

2007 

31,477,900 

1,418,300 

2008 

35,363,400 

1,477,700 

Total 

141,236,830 

5,758,977 

industrial  activities  are  food,  timber,  oil  refining,  textiles,  vehicles, 
cement,  paper,  chemicals,  soap,  beverages,  rubber,  aluminium,  and 
pharmaceuticals  [8-1 1  ].  Poverty  trends  in  Ghana  differ  among  the 
various  economic  sectors.  Poverty  is  particularly  evident  in  two 
sectors:  agriculture  and  the  informal  sector,  with  the  agricultural 
sector  being  the  worse  affected.  Next  to  agriculture,  29%  of  those  in 
micro  and  small  enterprises  live  below  the  poverty  line.  The  United 
Nations  Development  Programme  (UNDP)  has  reported  that  food 
crop  farmers  are  the  poorest  compared  to  people  in  other  activities 
[12-14]. 

Recently,  energy  demand  in  the  country  has  increased 
significantly  as  a  result  of  population  increase  and  urbanisation. 
The  increased  demand  is,  however,  more  pronounced  in  the 
consumption  of  wood  fuel,  particularly  wood  charcoal.  According 
to  the  Food  and  Agriculture  Organisation  of  the  United  Nations 
(FAO)  Statistics  [9],  the  consumption  of  woodfuel  increased  from 
20.6  million  m3  in  2004  to  35.4  million  m3  in  2008,  while  the 
consumption  of  wood  charcoal  also  increased  from  752,000  m3  to 
1 .48  million  m3  during  the  same  period  (Table  2).  Traditional  wood 
energy  systems  rely  on  low-cost  technologies  affordable  to  low 
income  consumers.  Access  to  modern  biomass  is  limited,  resulting 
in  the  huge  dependence  on  primary  biomass  as  a  source  of  energy 
which  has  been  observed  to  be  a  major  factor  in  the  rapid 
deforestation,  land  degradation  and  related  health  problems  in  the 
country.  The  use  of  biofuels  derived  from  a  renewable  resource  as 
both  a  domestic  and  transport  fuel,  and  also  for  stationary  engines 
can  have  significant  environmental  benefits  in  terms  of  decreased 
global  warming  impacts,  reduced  fossil  C02  emissions,  reduced 
fossil  fuel  dependence  and  rural  development,  while  it  also  has  a 
low  sulphur  and  nitrogen  content.  But,  there  is,  currently, 
inadequate  information  available  to  enable  any  meaningful  policy 
to  be  based  on  for  the  development  and  implementation  of  biofuel 
projects  in  Ghana. 

The  objective  of  this  paper  is  to  review  biomass  resources 
availability  and  biofuels  potential  in  the  country.  Here,  we  have 
attempted  to  assess  the  various  biomass  types  available  for  biofuel 
production  using  current  biomass  conversion  routes,  particularly, 
first-  and  second-generation  technologies.  The  information  result¬ 
ing  from  this  study  will  serve  as  a  base  for  further,  more  detailed 
site-specific  biomass  assessments. 


Table  1 

General  population  information  and  economic  indices  [11-13]. 


Parameter 

Unit 

Value 

Year 

Population 

Million 

23.351 

2008 

Population  growth  rate 

% 

2.0 

2008 

GDP 

Billion  USD 

7.20 

2007 

GDP  real  growth  rate 

% 

7.30 

2008 

GDP  per  capita  (PPP) 

USD 

55.23 

2007 

Poverty  rate 

%  total  population 

28.50 

2007 

HDI 

- 

0.526 

2007 

TPES 

Mtoe 

9.50 

2007 

Net  Energy  Imports 

Mtoe 

3.15 

2007 

C02  emission 

Mt  of  C02 

9.00 

2007 

Energy  production 

Mtoe 

6.47 

2007 

2.  Biomass  resources  in  Ghana 

Biomass  is  a  term  used  for  all  organic  matter  that  is  derived 
from  plants  as  well  as  animals.  Biomass  resources  include  wood 
and  wood  wastes,  agricultural  crops  and  their  waste  by-products, 
municipal  solid  waste,  animal  wastes,  wastes  from  food  proces¬ 
sing,  aquatic  plants  and  algae  [15].  There  are  competing  uses  for 
these  resources  because  of  their  economic  and  environmental 
value.  Biomass  can  be  used  to  generate  power,  heat  and  steam,  and 
for  the  production  of  transportation  fuels.  It  is  also  used  by  the  food 
processing,  animal  feed,  and  the  wood  processing  industries  [16]. 

Biomass  is  composed  mainly  of  cellulose,  hemicellulose,  lignin, 
and  small  amounts  of  extractives.  The  suitability  of  a  particular 
biomass  as  a  potential  feedstock  for  biofuels  production  depends 
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on  various  characteristics  such  as  moisture  content,  calorific  value, 
fixed  carbon,  oxygen,  hydrogen,  nitrogen,  volatiles,  ash  content, 
and  cellulose/lignin  ratio.  Generally,  cellulose  is  the  largest 
fraction,  and  constitutes  about  38-50%  of  the  biomass  by  weight. 
Cellulose  is  a  polymer  of  glucose,  consisting  of  linear  chains  of 
(l,4)-D-glucopyranose  units  with  an  average  molecular  weight  of 
around  100,000.  It  is  the  most  abundant  form  of  carbon  in  the 
biosphere,  and  is  a  good  biochemical  feedstock  [17].  Hemicellu- 
lose,  on  the  other  hand,  is  a  polymer  of  5-carbon  mainly  xylose,  and 
6-carbon  monosaccharides.  Xylose  is  the  second  most  abundant 
sugar  in  the  biosphere.  Unlike  cellulose,  hemicellulose  is  a 
marginal  biochemical  feedstock.  It  represents  20-40%  of  the 
material  by  weight. 

Lignin  can  be  regarded  as  a  group  of  amorphous,  high 
molecular-weight,  chemically  related  compounds.  The  building 
blocks  of  lignin  are  believed  to  be  a  three  carbon  chain  attached 
to  rings  of  six  carbon  atoms,  called  phenyl-propane.  Lignin 
constitutes  about  15-25%  of  the  composition  of  lignocellulosic 
biomass.  It  has  very  high  energy  content,  and  also  resists 
biochemical  conversion  [17].  The  term  biofuel,  according  to  the 
FAO  [18],  is  increasingly  being  used  to  refer  specifically  to  liquid 
or  gas  fuel  derived  from  biomass.  Liquid  biofuels  can  be 
classified  into  first-generation  and  second-generation  biofuels. 
First-generation  biofuels  are  defined  as  biofuels  which  are  on 
the  market  in  considerable  amounts  currently.  They  are 
generally  made  from  sugars,  grains  or  seeds  using  only  a 
specific,  often  edible  part  of  the  above  ground  biomass.  Typical 
first-generation  biofuels  are  sugarcane  ethanol,  starch-based  or 
corn  ethanol,  biodiesel,  and  pure  plant  oil  (PPO).  Bioethanol  is 
the  dominant  liquid  biofuel  currently,  representing  approxi¬ 
mately  85%  of  the  global  biofuel  production,  while  biodiesel 
accounts  for  the  other  15%.  Second-generation  biofuel  is 
generally  made  from  lignocellulosic  biomass,  also  called 
cellulosic  biomass  [19]. 

2.2.  Agricultural  resources  in  Ghana 

Ghana’s  agricultural  sector  is  characterised  by  a  large  number 
of  dispersed  small-scale  producers,  employing  manual  cultiva¬ 
tion  techniques  dependent  on  rain-fed  with  little  or  no 
purchased  inputs  but  provide  over  90%  of  the  food  needs  of 
the  country.  Farming  systems  vary  with  the  six  agro-ecological 
zones  [Table  3].  However,  certain  general  features  are  discernible 
throughout  the  country.  According  to  the  World  Trade  Organi¬ 
sation  (WTO)  [10],  crop  production  in  Ghana  is  hampered  by  land 
degradation,  improper  field  development,  use  of  low-yield 
varieties,  lack  of  organised  seed  production  and  distribution 
systems,  and  inadequate  storage  structures.  Major  crops 
cultivated  include  maize,  rice,  sorghum,  cassava,  yams,  plantain, 
groundnuts,  cowpeas,  cocoa,  oil  palm  and  coffee.  Aside  from  the 
commercial  plantations  such  as  cocoa,  rubber,  palm  oil,  and 
coconut  production,  and  to  a  lesser  extent,  rice,  maize  and 
pineapples,  about  90%  of  farms  in  the  country  are  less  than  2  ha 
in  size  [22]. 


2.2.2.  Energy  crops  (woody  energy  crops  and  perennial  herbaceous 
crops) 

In  Ghana,  energy  crops  that  have  potential  as  feedstocks  for 
biofuel  production  include  sugarcane,  sweet  sorghum,  maize  and 
cassava  for  ethanol,  and  oil  palm,  coconut,  sunflower,  soy  bean  and 
jatropha  for  biodiesel  [4].  The  key  characteristics  of  major  energy 
crops  in  the  country,  together  with  production  data  for  2008  are 
presented  in  Tables  4  and  5,  respectively. 

•  Corn/maize 

Currently,  ethanol  for  transportation  is  produced  mostly  from 
sugarcane  in  Brazil,  and  maize  in  the  USA.  About  25  million  ha  of 
land  are  used  for  maize  cultivation  in  sub-Saharan  Africa.  South 
Africa,  Nigeria,  Ethiopia,  Kenya  and  Tanzania  are  reported  to  be 
the  main  sugarcane  producers  [21].  Maize  is  grown  in  all  the 
agro-ecological  zones  in  Ghana.  Approximately  1.10  million  - 
tonnes  of  maize  were  harvested  from  an  area  of  750,000  ha  in 
2008  [22]. 

•  Cassava 

Cassava  is  an  important  staple  crop  in  Ghana.  In  2008, 
approximately  9.65  million  tonnes  of  the  crop  were  harvested 
from  an  area  of  800,000  ha.  The  FAO  Statistics  [22]  for  crop 
production  show  that  there  was  a  significant  increase  in  cassava 
production  from  2001  to  2008.  The  increase  has  been  attributed 
partly  to  the  introduction  of  high-yielding  new  varieties,  and  the 
President’s  Special  Initiative  on  cassava  production. 

•  Sugarcane 

Sugarcane  production  in  the  country  increased  slightly  from 
140,000  tonnes  in  2000  to  145,000  tonnes  in  2008.  In  compari¬ 
son  with  cassava  and  maize,  sugarcane  production  is  relatively 
low.  However,  it  is  reported  that  there  are  efforts  being  made  to 
revitalise  the  sugarcane  industry  [23]. 

•  Sweet  sorghum 

Sweet  sorghum  is  increasingly  gaining  importance  as  a 
potential  feedstock  for  bioethanol  production.  The  grains  are 
traditionally  used  as  a  food  crop,  while  the  stalk  makes  an 
excellent  fodder.  The  high  sugar  content  of  the  stalk  makes  the 
crop  an  attractive  feedstock  for  biofuel  production.  It  is  reported 
that  approximately  25  million  ha  of  land  are  under  sorghum 
cultivation  in  sub-Saharan  Africa,  with  Nigeria,  accounting  for 
about  39%  of  total  production,  followed  by  Sudan,  Ethiopia,  and 
Burkina  Faso  [21  ].  In  Ghana,  sweet  sorghum  is  cultivated  mainly 
in  the  savannah  zones.  In  2008,  the  FAO  crop  statistics  showed 
that  approximately  350,000  tonnes  of  sorghum  were  produced 
from  an  area  of  340,000  ha  in  the  country  [22]. 

•  Jatropha  curcas 

Jatropha  curcas  plantations  in  the  county  cover  over  1,534  ha. 
Traditionally,  the  plant  has  been  used  as  a  fence  around 
homesteads  and  gardens  because  it  is  not  browsed  by  animals; 
the  fruits  and  seeds  are  not  edible.  Garwe  et  al.  [25]  reported  that 
jatropha  has  a  short  establishment  period  which  ranges  between 
2  and  5  years,  and  a  longevity  of  up  to  50  years.  Jatropha  plant  has 
the  ability  to  grow  on  degraded  soils.  Its  cultivation  is  also 
characterised  by  low  cost  of  production,  and  low  nutrient 


Table  3 

Agro-ecological  zones  of  Ghana  [8,20]. 


Zones 

Area  (1000  ha) 

Portion  of  total  area  (%) 

Mean  annual  rainfall  (mm) 

Growing  period  (days) 

Major  season  Minor  season 

Main  food  crops 

Rain  forest 

750 

3 

2,200 

150-160 

100 

Roots,  plantain 

Deciduous  forest 

740 

3 

1,500 

150-160 

90 

Roots,  plantain 

Transition 

6,630 

28 

1,300 

200-220 

60 

Maize,  roots,  plantain 

Guinea  savannah 

14,790 

63 

1,100 

180-200 

Sorghum,  maize 

Sudan  savannah 

190 

1 

1,000 

150-160 

- 

Millet,  sorghum,  cowpea 

Coastal  savannah 

580 

2 

800 

100-110 

60 

Roots,  maize 
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Table  4 

Summary  of  key  characteristics  of  first-generation  biofuels  feedstock  [21]. 
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Optimal  growing  conditions 

Ethanol  yields  (1/ha) 

Preferential  rainfall  (mm/year) 

Sensitivity  top  water  supply 

Fertiliser 

Pesticide  use 

Ethanol 

Sugarcane 

4,000-8,000 

1,500-2,500 

High 

High 

Medium 

Maize 

700-3,000 

700-1,500 

High 

Medium 

High 

Sweet  sorghum 

3,000-6,000 

400-650 

Low  to  medium 

Medium 

High 

Cassava 

1,750-5,400 

1000-1,500 

Low  to  medium 

Low  to  medium 

Medium 

Biodiesel 

Palm  oil 

2,500-6,000 

1,800-2,500 

High 

Low 

Low 

Jatropha 

400-2,200 

600-1,200 

Low  to  medium 

Low 

Low 

requirement.  Jatropha  is  cultivated  and  processed  at  various 
scales  such  as  micro  or  subsistence,  community  farming  and 
commercial  levels.  According  to  the  World  Bank,  a  total  of 
seventeen  (17)  commercial  biofuel  developments  have  been 
identified  in  the  country  [26].  Table  5  shows  some  of  the  major 
stakeholders  in  the  cultivation  and  utilisation  of  Jatropha  curcas 
in  Ghana. 

The  Ghana  Government’s  interest  in  promoting  the  cultiva¬ 
tion  and  use  of  jatropha  for  biodiesel  production  is  based  on  the 
plant’s  ability  to  grow  in  a  wide  range  of  environments,  and  also 
the  potential  to  create  jobs  for  a  large  number  of  people  [4]. 
Jatropha  oil  is  utilised  to  power  multi-functional  platforms 
(MFPs)  driven  by  diesel  engines,  mostly  by  women  for  the 
improvement  of  their  livelihoods.  The  oil  is  also  used  for  income¬ 
generating  activities  such  as  soap  making  in  rural  communities, 
mostly  in  some  rural  communities  in  the  three  northern  regions. 
The  seed  cake  resulting  from  processing  of  the  seed  has  been 
found  to  contain  a  high  mineral  content,  and  thus  can  be  used  as 
an  organic  fertiliser.  It  could  also  be  used  as  feedstock  for  second- 
generation  biofuels  production  [Table  6]. 

•  Oil  palm 

In  Africa,  the  oil  palm  tree  (Elae is  guineensis)  is  mostly 
cultivated  in  Central  Africa  and  parts  of  West  Africa.  Nigeria  is  the 
largest  producer  of  palm  oil,  with  a  global  market  share  of  3%, 
followed  by  la  Cote  d’Ivoire,  and  the  Democratic  Republic  of 


Table  5 

Production  of  major  crops  in  Ghana  2008  [22]. 


Product 

Production 
(1,000  tonnes) 

Yield  of 
crop  (Hg/ha) 

Area  harvested  (ha) 

Sorghum 

350 

10,294 

340,000 

Maize 

1,100 

104,615 

750,000 

Sugarcane 

145 

2,544,385 

5,700 

Rice 

242 

20,166 

120,000 

Cocoa  beans 

700 

4000 

1,750,000 

Coffee,  green 

1.6 

1650 

10,000 

Cassava 

9,650 

120,625 

800,000 

Seed  cotton 

2 

8,000 

25,000 

Soya  beans 

n.a 

n.a 

n.a 

Coconuts 

316 

56,936 

55,500 

Oil  palm  fruits 

1,900 

6,333 

300,000 

Ground  nuts 

4,289 

9,317 

460,000 

Table  6 

Major  investments  in  Jatropha  curcas 

plantations  in  Ghana  [24]. 

Name  of  institution/company 

Land  area  under 
cultivation  (ha) 

Funding  sources 

B1  Ghana 

700 

Private  investment 

ADRA/UNDP 

800 

UNDP/GEF/ADRA 

New  Energy 

6 

Donor  funding 

Gbimisi  Women  Group 

4 

UNIFEM/UNDP-GEF 

AngloGold  Ashanti  Ltd 

20 

Corporate  Fund 

Valley  View  University 

4 

University  Funds 

Total 

1534 

Congo,  both  having  a  market  share  of  around  0.5%  [21]. 
Production  of  oil  palm  fruits  in  Ghana  increased  from  1.1  mil¬ 
lion  tonnes  in  2001  to  1.9  million  tonnes  in  2008  [22].  Oil  palm 
plantations  in  the  country  cover  approximately  320,000  ha,  and 
are  located  mostly  in  the  rain  forest  and  deciduous  zones  of  the 
Ashanti,  Western,  and  Eastern  regions  [10].  Generally,  oil  palm 
cultivation  is  carried  out  on  varying  scales  such  as  smallholder 
farms,  and  medium-to  large-scale  plantations  [Table  7]. 

As  part  of  the  Government’s  strategy  to  improve  the  oil  palm 
industry  in  the  country,  a  Presidential  Special  Initiative  (PSI)  on 
Palm  Oil  Plantation  and  Exports  was  launched  around  2004.  So 
far,  about  US$3.4  million  have  been  invested  in  the  initiative. 
Under  the  programme,  about  100,000  ha  of  oil  palm  plantations 
were  planned  to  be  cultivated  over  a  5-year  period  in  six  regions 
in  the  country,  together  with  the  establishment  of  1 2  nurseries  to 
raise  about  1.2  million  high-yielding  seedlings  for  supply  to 
farmers.  The  Oil  Palm  Research  Institute  (OPRI)  of  the  CSIR 
(Council  for  Scientific  and  Industrial  Research)  has  been  given 
the  task  to  produce  two  million  high-yielding  seedlings  annually 
[27].  Table  7  shows  major  stakeholders  in  the  oil  palm  industry. 

•  Other  plants 

Coconut  plantations  in  Ghana  cover  an  area  of  about 
30,000  ha,  and  have  average  yields  of  about  5,000  nuts  per  ha 
[10].  However,  about  4,000  ha  of  these  plantations  mainly  in  the 
coastal  belt  have  been  affected  by  the  Cape  Saint  Paul  Wilt 
Disease,  a  lethal  yellowing  disease.  Between  1990  and  2005,  the 
Government  implemented  a  Coconut  Sector  Development 
Project  which  resulted  in  the  rehabilitation  of  approximately 
800  ha  of  coconut  farms.  In  addition,  the  CSIR  has  developed  a 
coconut  hybrid  to  replace  the  affected  trees  [28-30]. 

Sunflower  is  gaining  importance  in  the  country  as  potential 
biofuel  feedstock.  Generally,  the  cultivation  of  sunflower  seeds  is 
based  predominantly  on  smallholder  farms.  Recently,  under  a 
project  funded  jointly  by  the  Global  Environment  Facility/Small 
Grant  Project  (GEF/SGP)  and  the  United  Nations  Development 
Programme  (UNDP),  approximately  230  ha  of  sunflower  farms 
have  been  established  in  the  country  [31].  Annual  production  of 
soybean  in  Ghana  amounts  to  50,000  tonnes,  with  only 
15,000  tonnes  being  utilised  locally  [32].  Cultivation  of  soybean 
is  concentrated  mainly  in  the  Northern,  Upper  East  and  Upper 
regions.  The  mean  acreage  per  farmer  is  about  1.38  ha.  In  the 


Table  7 

Major  investments  in  the  oil  palm  industry  in  Ghana  [27]. 


Company 

Location 

Benso  Oil  Palm  Plantation  (BOPP)  Ltd. 

Benso 

Twifo  Oil  Palm  Plantation  (TOPP)  Ltd. 

Twifo  Praso 

Ghana  Oil  Palm  Development  Corporation  Ltd.  (GOPDC); 

Akim  Oda 

known  as  the  Okumaning  Oil  Palm  Plantation 

Development  Programme 

National  Oil  Palm  Plantation 

New  Juaben 

Norpalm  Ghana  Ltd.  (formerly  called  Prestea 

Prestea 

Oil  Palm  Plantation) 

National  Oil  Palm  Plantation  Ltd. 

Ayiem 
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southern  sector  of  the  country,  production  is  still  at  the 
rudimentary  stages,  except  for  Ejura  Farms  Limited  which  has 
cultivated  about  121.4  ha,  and  a  few  satellite  farmers  [33]. 

•  Grasses 

Many  of  the  grass  species  that  have  been  used  as  hay  and 
pasture  for  livestock  feed  or  for  soil  conservation  may  be  used  as 
energy  crops.  In  Ghana,  potential  exists  for  the  utilisation  of 
various  grass  species,  including  Pennisetum  purpureum  (elephant 
grass),  Panicum  maximum  (guinea  grass),  Panicum  virgatum  and 
Miscanthus  giganteus  as  feedstock  for  biofuel  production. 
Currently,  these  resources  are  underutilised.  Grasses  have  high 
fiber  (cellulose,  hemicellulose,  and  lignin)  content,  and  can  be 
converted  into  energy  by  a  variety  biomass  conversion  methods 
including  direct  combustion  for  heat  and/or  power,  cellulosic 
conversion  to  ethanol,  thermochemical  processes  for  fuel 
supplements  and  anaerobic  digestion  for  methane.  According 
to  a  report  by  Scurlock  [34],  miscanthus  has  relatively  high  yields 
of  8-1 5  tonnes/ha  dry  weight,  low  moisture  content,  low  mineral 
content,  a  good  energy  balance  and  output/input  ratio  compared 
with  some  other  biomass  options.  It  also  tolerates  brackish 
water,  and  uses  a  minimum  amount  of  nutrients  from  the  soil. 

•  Algae 

Algae  are  organisms  that  grow  in  various  aquatic  environ¬ 
ments.  There  are  two  categories  of  algae:  macroalgae  and 
microalgae.  Macroalgae  are  the  large  multi-cellular  algae  often 
seen  growing  in  ponds,  known  as  seaweeds.  Microalgae,  on  the 
other  hand,  are  tiny,  unicellular  algae  that  normally  grow  in 
suspension  within  water-bodies.  They  represent  a  highly 
specialized  group  of  micro-organisms  that  live  in  diverse 
ecological  habitats  such  as  freshwater,  brackish,  marine  and 
hyper-saline,  with  a  range  of  temperatures  and  pH,  and  unique 
nutrient  availabilities.  They  are  classified  into  major  groupings 
including  cyanobacteria,  green  algae,  diatoms,  yellow-green 
algae,  golden  algae,  red  algae  Algal  biomass  consists  of  three 
main  components:  carbohydrates,  proteins,  and  lipids/natural 
oils.  Many  algal  species  have  been  found  to  grow  rapidly  and 
produce  substantial  amounts  of  triglycerides  (TAGs)  or  oil,  and 
are  thus  referred  to  as  oleaginous  algae  [35,36]. 

Recently,  the  use  of  microalgae  as  an  alternative  biodiesel 
feedstock  has  gained  renewed  interest  from  researchers,  entre¬ 
preneurs,  and  the  general  public.  It  is  reported  that  microalgae 
could  be  cultivated  in  an  aquatic  environment  for  the  production  of 
triglycerides,  which  could  then  be  used  to  produce  oil  algae,  a  third 
generation-biofuel  [19].  The  technology  for  conversion  of  trigly¬ 
cerides  produced  by  algae  is  similar  to  that  for  the  first-generation 
biodiesel  production.  One  advantage  of  using  algae  biomass  for 
biodiesel  production  is  the  potential  mitigation  of  C02  emissions 


from  power  plants.  Studies  on  phytoplankton  in  some  Ghanaian 
lagoons  and  estuaries  indicated  that  cynobacteria  comprise  either 
the  highest  or  the  second  highest  component  of  the  phytoplankton 
biomass.  In  addition,  various  macro-algae  including,  Chlorophyta, 
Phaeophyta  and  Rhodophyta  species  have  been  identified  to  be 
usually  attached  to  rock  surfaces  in  the  inter-tidal  and  sub-tidal 
areas  [36].  Thus,  research  into  the  utilisation  of  algae  could  provide 
environmentally  friendly  solutions  to  both  global  and  national 
threats,  like  GHG  emissions.  Algae  fuel,  also  called  algal  fuel, 
algaeoleum  or  second-generation  biofuel,  is  a  biofuel  which  is 
derived  from  algae  [36]. 

2.2.  Agricultural  crop  residues 

Agricultural  crop  residues  are  classified  into  crop  residues  and 
agricultural  industrial  by-products  [26].  Crop  residues  are  the 
materials  left  on  the  farms  after  harvesting  the  target  crops  or 
burnt  on  the  farms.  Crop  residues  in  Ghana  include  straw,  and 
stalk  of  cereals  such  as  rice,  maize/corn,  sorghum,  and  millet,  and 
cocoa  pods.  Agro-industrial  by-products,  on  the  other  hand,  are 
produced  mainly  after  crop  processing,  and  include  cocoa  husk, 
coconut  shell  and  husk,  rice  husk,  oil  seed  cakes,  sugar  cane 
bagasse,  and  oil  palm  empty  fruit  bunch  (EFB).  Table  8  shows  the 
major  agricultural  crop  residues  and  by-products  generated  in  the 
country,  based  on  2008  crop  production  data  [22],  using  residue- 
to-product  ratios  (RPRs)  [37,38].  These  residues  have  a  high 
potential  for  energy  production. 

Cocoa  makes  a  very  important  contribution  to  the  economy  of 
the  country.  It  is  the  dominant  cash  crop  and  the  single  most 
important  export  product  in  Ghana  [10].  Cocoa  production  occurs 
in  the  forested  areas,  namely  Western,  Ashanti,  Brong-Ahafo, 
Central,  Eastern  region,  and  Volta  Regions,  and  covers  roughly 
1.75  million  ha.  At  the  moment,  cocoa  pods  are  left  on  the  farms  to 
mulch,  while  some  of  the  husk  is  exported  [39-43].  In  comparison 
with  cocoa,  coffee  plantations  cover  only  a  total  area  of 
approximately  10,000  ha,  and  coffee  production  has  been  relative¬ 
ly  low.  The  husk,  which  is  the  main  residue  generated  during 
processing  using  the  dry  method,  can  be  utilised  as  an  organic 
fertiliser.  Also,  when  compressed,  it  can  be  used  for  power 
generation  [15,41-45].  Major  residues  generated  from  harvesting 
and  processing  of  maize  are  the  stalk,  cob  and  husk  which  are  also 
potential  biofuel  feedstock.  Similarly,  the  stalk  of  sweet  sorghum, 
which  is  rich  in  sugar,  is  a  potential  feedstock  for  ethanol 
production. 

Oil  palm  plantations  cover  roughly  300,000  ha.  There  are  three 
main  residues,  namely,  empty  fruit  bunches  (EFB),  shells  and 
fronds.  These  residues,  however,  have  competing  uses,  particular¬ 
ly,  the  EFBs,  which  are  rich  in  potassium,  since  they  can  be  used  as  a 


Table  8 

Production  of  different  agricultural  crops  in  Ghana  for  2008  and  estimated  potential  of  residues,  calculated  using  residue  to  product  ratio  [19,22]  and  lower  heating  value 
(LHV)  [15]. 


Crop3 

Production 
(xlO3  tonnes) 

Residue  type 

Residue  to 
product  ratio 
(RPR)b 

Moisture 
content (%) 

Residue 
(wet  tonnes) 

Residue 

(dry,  103  tonnes) 

Lower  heating 
value  (MJ/kg) 

Residues  energy 
potential  (TJ) 

Sorghum 

350 

Stalk 

2.62 

15 

917.00 

779.45 

17.00 

15.59 

Millet 

160 

Stalk 

3 

15 

480.00 

408.00 

15.51 

7.44 

Rice 

242 

Straw 

1.5 

15 

363.00 

308.55 

15.56 

5.65 

Sugarcane 

145 

Bagasse 

0.3 

75 

43.50 

10.875 

13.38 

0.58 

Coconut 

316 

Shell 

0.6 

10 

189.6 

170.64 

10.61 

2.01 

Oil  palm  fruits 

1,900 

EFB 

0.25 

60 

4750 

190.00 

15.51 

7.37 

Coffee 

165 

Husk 

2.1 

15 

346.50 

294.525 

12.56 

0.04 

Cocoa 

700 

pods,  husk 

1 

15 

700.00 

595.00 

15.48 

10.84 

Maize 

1,100 

stalk 

1.5 

15 

1650.00 

1402.50 

15.48 

25.76 

Total 

4821.6 

75.20 

a  Crop  production  is  based  on  [22]. 

b  Estimated  yield  calculated  based  on  RPR  sourced  from  [19]. 


M.H.  Duku  et  al.  /  Renewable  and  Sustainable  Energy  Reviews  15  (201 1 )  404-415 


409 


fertiliser,  and  the  shells  for  production  of  activated  carbon  and 
heating,  while  the  fronds  are  usually  used  for  mulching.  The 
residues  of  coconut,  mainly  the  husk  and  shells  are  also  potential 
sources  of  energy.  The  three  main  residues  generated  through  the 
harvesting  and  processing  of  sugarcane,  namely,  the  tops,  bagasse 
and  molasses  are  currently  underutilised,  even  though  they  are  a 
major  potential  source  of  energy.  Bagasse  and  molasses  contain 
residual  sugars  that  are  deemed  uneconomical  to  remove, 
approximately  2%  and  50%  in  bagasse  and  molasses,  respectively, 
on  a  mass  basis.  According  to  the  World  Energy  Council  [46], 
bagasse  constitutes  about  20%  of  the  weight  of  cane  milled  in  the 
cane  sugar  industry,  with  an  energy  content  of  2.85  GJ/tonne  at 
50%  moisture  content.  Similarly,  rice  husk  and  straw  are  virtually 
unutilised  and  could  serve  as  a  major  source  of  energy  in  Ghana. 

In  Ghana,  traditionally,  most  of  the  agricultural  crop  residues  are 
burnt  on  the  farms  to  facilitate  the  harvesting  process  or  as  pest  a 
control  measure  (e.g.  cotton).  Some  of  the  residues  are  also  used  as  a 
substitute  for  firewood.  However,  there  is  currently  no  information 
about  the  share  of  different  utilisations.  It  is  noted  that  in  practice, 
not  all  the  existing  agricultural  residues  can  be  collected  and  used  for 
bioenergy  production  due  to  technical  constraints,  ecosystem 
functions,  and  other  uses  (e.g.  animal  fodder,  fertiliser,  domestic 
heating  and  cooking).  Clearly,  collection  of  all  the  residues  could 
adversely  affect  soil  fertility  [38].  Currently,  many  of  the  agricultural 
[35  ]  residues  mentioned  in  this  review  are  scarcely  utilised.  Of  all  the 
agricultural  crops  grown  in  Ghana,  maize  seems  to  generate  more 
residues  than  any  other  crop.  Like  other  wastes,  agricultural  residues 
are  lignocellulosic  biomass,  and  therefore,  contain  a  high  amount  of 
organic  constituents  (i.e.  cellulose,  hemicellulose  and  lignin)  and  a 
high-energy  content.  Therefore,  they  can  be  recognised  as  a 
potential  source  of  renewable  energy  based  on  benefits  of  energy 
recovery  and  environmental  protection  [19]. 

The  proximate  composition  of  some  major  crop  residues 
available  in  Ghana  is  presented  in  Table  9  [37].  Generally,  the 
chemical  composition  of  a  crop  residue  varies  as  a  result  of  factors 
such  as  variety,  age  of  residue  or  stage  of  harvest,  physical 
composition  including,  length  of  storage,  and  harvesting  practices. 
The  residue-to-product  ratios  (RPRs)  of  the  various  crops  also  vary 
depending  on  various  factors  including  crop  variety,  water  and 
nutrient  supply,  and  the  use  of  chemical  growth  regulators.  The 
relative  proportions  of  the  various  constituents  determine  the 
suitability  of  the  residues  as  a  potential  biofuel  feedstock  [19]. 

2.3.  Forestry  resources 

2.3 A.  Forest  biomass 

Ghana’s  forest  is  a  major  source  of  biomass  that  could 
contribute  considerably  to  the  country’s  biofuel  potential.  The 
FAO  [9]  estimated  that  in  2006  the  total  forest  area  covered 
roughly  5.52  million  ha,  approximately  24.3%  of  the  total  land  area 


Table  10 

Forest  resources  in  Ghana  2005  [9]. 


Unit 

Value 

Forest  area 

1000  ha 

5,517 

%  of  land  area 

% 

24.3 

Area  per  1000  people 

Ha 

240 

Annual  change  rate 
1990-2000 

1000  ha 

-135 

% 

-2 

2000-2005 

1000  ha 

-115 

°/ 

/o 

-2.0 

Woody  biomass 

(tonne/ha) 

180 

Woody  biomass 

Tonne  (million  tonnes) 

993 

[Table  10].  The  forest  area  per  inhabitant  was  also  estimated  at 
0.24  ha.  In  2006,  the  forestry  sector  contributed  approximately 
0.4%  to  the  total  labour  force  and  about  7.2%  to  the  country’s  GDP. 
The  gross  value  added  (GVA)  from  round  wood  production 
represented  US$542  million,  while  the  GVA  of  the  total  forestry 
sector  accounted  for  US$754  million.  Round  wood  extraction 
accounted  for  1.30  million  m3. 

It  is  estimated  that  the  total  growing  stock,  and  biomass  in  the 
country’s  forests  was  321  million  m3,  and  993  million  tonnes, 
respectively.  The  forest  plantations  in  both  private  and  public 
ownership  covered  approximately  76,000  ha  in  2000.  About 
40,000  ha  of  the  plantations  were  covered  by  Tectona  grandis ,  while 
the  rest  were  other  hardwoods  [47].  Recently,  the  government  re¬ 
launched  the  National  Forest  Plantation  Development  Programme 
which  seeks  to  regenerate  about  400,000  ha  of  both  degraded 
reserves  and  off-reserve  areas.  Almost  all  the  forest  land  in  Ghana  is 
vested  in  local  communities,  and  open  to  traditional  activities, 
including  collection  of  non-timber  forest  products,  hunting,  and 
fuelwood  collection  [10].  Timber  extraction  in  both  the  off-reserve 
and  forest  areas  are  regulated  by  an  annual  allowable  cut  ( AAC)  of  1 .5 
and  0.5  million  m3,  respectively,  giving  a  total  AAC  of  2.0  million  m3 
[50].  Currently,  timber  resource  allocation  is  conducted  through 
competitive  bidding  aimed  to  ensure  an  efficient  allocation  of  the 
resource.  According  to  the  FAO,  forest  losses  between  1990  and 
2000,  and  2000  and  2005  were  1 35,000  and  1 1 5,000  ha,  respective¬ 
ly.  The  high  rate  of  deforestation  has  been  attributed  to  various 
factors  such  as  excessive  logging,  unsustainable  agricultural 
practices,  bush  burning,  mining,  quarrying,  settlement,  population 
growth  and  migration,  especially  in  the  forest  areas.  Table  1 1  shows 
production  and  use  of  woodfuel,  industrial  round  wood,  sawnwood 
and  wood-based  panels  in  2008. 

2.3.2.  Forest  residues 

According  to  the  FAO  [9],  the  annual  global  use  of  wood  is 
approximately  4  x  1 06  m3.  It  is  estimated  that  approximately  55%  of 
this  volume  is  utilised  as  fuelwood,  mainly  in  developing  countries. 
The  remaining  45%  is  used  as  industrial  raw  material  [50].  The 


Table  9 

Proximate  composition  of  major  agricultural  crop  residues  generated  in  Ghana  [37]. 


Crop  residue 

%  Dry  matter 

Moisture  (%) 

Crude  protein 

Organic  matter 

Crude  fibre 

Ether  extract 

Ash 

NFEa 

Maize  stover 

10 

2-8 

85-91 

28-46 

1-2 

9-15 

35-53 

Sorghum  stover 

10 

3-6 

96 

31-35 

1-2 

4 

50-56 

Rice  straw 

10 

2-9 

75-90 

20-45 

1-4 

10-25 

29-48 

Groundnut  haulms 

10-12 

11-17 

87-90 

21-29 

1.5-2. 5 

10-13 

51-57 

Cowpea  vines 

10-12 

6-18 

82-90 

25-30 

1-1.5 

8-10 

48-50 

Cassava  tops 

70-80 

17-27 

89-94 

8-26 

3-8 

6-11 

35-60 

Sweet  potato  tops 

90 

20-22 

82-83 

15 

3-3.5 

17-18 

42-46 

Sugarcane  tops 

70-80 

5-8 

81-95 

28-34 

1.5-2. 5 

5-9 

44-54 

Cocoa  pods 

75 

2-9 

75-90 

20-45 

1-4 

10-25 

33-56 

Empty  oil  palm  fruit  bunch 

56 

3-4 

95 

- 

6-8 

5 

- 

a  NFE  =  nitrogen  fee  extractives. 
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Table  11 

Production  and  consumption  of  woodfuel,  industrial  round  wood,  sawn  wood  and 
wood-based  panels,  2008  [9]. 


Product 

Production  (103  m3) 

Consumption  (103m3) 

Wood  fuel 

33,040 

33,040 

Industrial  round  wood 

1,304 

1,305 

Sawn  wood 

527 

317 

Wood  pulp 

0 

0 

Wood  based  panels 

335 

161 

Paper  and  paper  board 

0 

0 

residues  generated  from  the  forest  products  industry  could  be 
divided  into  two  categories:  (i)  logging  residues,  generated  from 
logging  activities  and  industrial  by-products  (i.e.  wood  processing 
wastes)  generated  by  wood  processing  firms  during  the  manufac¬ 
ture  of  sawn  wood,  plywood,  particleboard,  etc.  [Table  12]. 

•  Logging  residues 

Logging  residues  include  stumps,  off-cuts,  saw  dust,  etc. 
[Table  12].  A  study  conducted  by  Amoah  and  Becker  [51]  on 
commercial  logging  efficiency  in  Ghana  showed  an  average 
logging  recovery  of  75%.  Similar  to  agricultural  crop  residues,  in 
practice,  not  all  of  the  logging  residues  can  be  used  for  bioenergy 
production  due  to  technical  constraints,  ecosystem  functions, 
and  other  uses  such  as  animal  fodder  and  fertiliser.  There  are  also 
environmental  concerns  considering  an  extensive  long  term  use 
of  logging  residues.  For  instance,  leaving  appropriate  levels  of 
logging  residues  protects  soil  quality  and  eliminates  the  need  for 
the  use  of  fertilisers  [19,50].  Logging  residues  generated  in  2008 
are  estimated  at  720,000  m3,  equivalent  to  360,000  tonnes  based 
on  2008  production  data  for  industrial  round  wood,  and  RPR  of 
0.6.  The  moisture  content  of  the  wood  residues  and  the  weight  of 
1  m3  solid  roundwood  were  assumed  to  be  50%  and  0.5  tonnes, 
respectively. 

•  Wood  processing  wastes 

Wood  processing  wastes  such  as  discarded  logs,  bark, 
sawdust,  off-cuts,  etc.,  on  the  other  hand,  are  generated  through 
sawmill  and  plywood  mill  processing  activities  [Table  12].  It  is 
reported  that,  generally,  sawmills  in  Ghana  have  recovery  rates 
ranging  from  20%  to  40%  of  the  log  input,  averaging  33.3%  [53].  A 
World  Bank  report  on  Sector  Reform  and  the  Pattern  of  the  Poor- 
energy  use  and  supply  indicated  that  sawmill  residues  are  among 
the  most  promising  feedstock  for  energy  purposes  in  Ghana. 
Another  report  by  UNDP/World  Bank  Energy  Sector  Management 
Assistance  Project  on  Sawmill  Residue  Utilisation  in  1988 
indicated  that  solids  and  sawdust  accounted  for  79%  and  21%, 
respectively,  of  the  residues  generated  [49].  It  is  estimated  that 
wood  processing  wastes  generated  in  2008  totalled  256,000  m3, 
equivalent  to  128,250  tonnes,  based  on  sawn  wood  production 
for  2008  and  RPR  for  solid  wood  and  moisture  content  sourced 
from  the  FAO  Statistics  [22],  and  RPR,  moisture  content  and 
weight  of  solid  wood  sourced  from  the  OECD/IEA  [19], 
respectively.  According  to  the  OECD/IEA  [19],  the  use  of  wood 


Table  12 

Sources  and  types  of  forest  residues. 


Source  of  residue 

Type  of  residue 

Forest  operations 

Branches,  stump,  roots,  low-grade  and 
decayed  wood,  slashings  and  sawdust 

Sawmilling  and  planning 

Bark,  sawdust,  trimmings,  split  wood, 
planer  shavings 

Plywood  production 

Bark,  core,  sawdust,  veneer  clippings 
and  waste,  panel  trim,  sander  dust 

Particleboard  production 

Bark,  screening  fines,  panel  trim, 
sawdust,  sander  dust 

processing  wastes  as  feedstocks  for  second-generation  biofuels 
would  be  attractive  since  they  are  normally  concentrated  at  the 
various  mills,  and  their  collection  would  not  be  complicated  or 
costly.  In  Ghana,  it  is  reported  that  over  50%  of  the  industrial 
wood  waste  is  utilised  off-site,  either  as  firewood  or  converted 
into  charcoal  using  earth  mound  kilns  [49]. 

2.4.  Urban  wastes  and  other  wastes 

Urban  wastes  are  generated  by  people  during  their  daily 
activities.  With  increasing  urbanisation  in  the  country,  there  is 
heightened  environmental  awareness  on  both  the  generation  and 
disposal  of  urban  wastes.  In  Ghana,  urban  wastes  can  be 
categorised  into  four  major  types,  namely  municipal  solid  waste 
(MSW),  sewage  sludge,  food  waste,  and  fat,  oil  and  grease  (FOG). 
The  availability  of  the  various  types  of  urban  wastes  is  discussed  in 
the  subsections. 

2.4.1.  Municipal  solid  waste 

Municipal  solid  waste  (MSW)  is  generated  by  households, 
commercial  and  industrial  sectors  as  a  result  of  the  concentration 
of  population,  and  activities  in  urban  areas.  It  is  estimated  that 
approximately  760,000  tonnes  of  MSW  annually  or  approximate¬ 
ly  2,000  tonnes  per  day  is  generated  in  Accra,  the  capital. 
According  to  Kramer  et  al.  [54],  the  generation  of  MSW  in  Accra 
typically  shows  a  daily  per  capita  generation  rate  and  density  of 
0.40  kg  and  0.47  tonnes  m-3,  respectively.  In  Kumasi,  the  second 
largest  city,  waste  generation  is  about  0.6  kg/person  per  day. 
Generally,  the  organic  content  of  MSW  constitutes  about  68%, 
indicating  its  high  potential  as  a  source  of  energy  (Fig.  2).  In 
Ghana,  three  sanitary  landfill  projects  are  reported  to  have  been 
commissioned  between  2003  and  2004.  These  are  located  in 
Accra,  Kumasi,  Sekondi-Takoradi  and  Tamale.  The  landfill  waste 
materials  are  decomposed  by  anaerobic  bacteria  to  produce 
landfill  gas  which  typically  consists  of  50%  methane  and  50% 
carbon  dioxide  [55-58]. 

2.4.2.  Food  industry  wastes 

Large  quantities  of  both  solid  and  liquid  food  wastes  are 
generated  by  the  food  industry,  hotels,  restaurant  and  confection¬ 
ary  industry  in  the  country.  They  include  foods  that  do  not  meet 
specified  quality  control  standards,  peelings  and  scraps  from  crops, 
fruits  and  vegetables.  Most  of  the  solid  food  wastes  normally  enter 
the  waste  dumps.  Waste  waters  from  the  food  industry  contain 
sugars,  starches,  and  other  dissolved  and  solid  organic  matter.  In 
considering  food  wastes  as  biofuel  feedstock  in  the  country,  it  is 
important  to  note  that  their  chemical  composition  and  nutrient 
content  vary  with  the  type  of  food  item.  In  Ghana,  potential  exists 
for  these  food  wastes  to  be  digested  using  anaerobic  process  to 
produce  biogas,  or  fermented  to  produce  ethanol  in  view  of  the 
large  size  of  the  food  industry  [3]. 
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Fig.  2.  Composition  of  household  waste  in  Kumasi  [55]. 
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Table  13 

Livestock  population  in  Ghana,  2001-2008  (103)  [22]. 
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Year 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

Cattle 

1,315 

1,330 

1,344 

1,365 

1,385 

1,406 

1,427 

1,427 

Goats 

3,199 

3,230 

3,560 

3,595 

3,632 

3,668 

3,704 

3,704 

Pigs 

312 

310 

303 

300 

305 

229 

239 

239 

Sheep 

2,771 

2,922 

3,015 

3,112 

3,211 

3,314 

3,420 

3,420 

Poultry 

22,032 

24,251 

26,395 

29,500 

30,000 

30,500 

31,000 

31,000 

2.4.3.  Industrial  wastewater/sewage  sludge/bio-solids 

Sewage  is  a  source  of  biomass  energy  that  is  very  similar  to 
animal  wastes.  Energy  can  be  extracted  from  it  using  anaerobic 
digestion  to  produce  biogas.  Generally,  industrial  wastewater 
treatment  in  Ghana  is  minimal.  Since  most  of  the  industrial 
activities  in  the  country  are  sited  along  the  coast  such  as  Tema, 
Accra  and  Takoradi,  they  dispose  of  their  wastewaters  directly  into 
the  sea.  It  is  reported  that  only  a  few  industries  and  abattoirs  carry 
out  some  primary  industrial  wastewater  treatment  by  employing 
either  on-site  or  off-site  disposal  methods.  These  facilities  are 
located  in  various  parts  of  the  country  such  as  Kumasi,  Tema 
Community  Three,  the  University  of  Ghana  Staff  Village,  and  the 
Burma  Camp.  They  can  also  be  found  at  the  Nsawam  Maximum 
Security  Prison,  the  Kwame  Nkrumah  University  of  Science  and 
Technology,  Kumasi,  the  La  Palm  Royal  Beach  Hotel,  Golden  Tulip, 
and  the  37  Military  Hospital  in  Accra  [54-57]. 

2.4.4.  Animal  wastes 

Livestock  manure  refers  to  animal  garbage.  The  quantity  of 
manure  produced  generally  depends  on  the  amount  of  fodder 
eaten,  the  quality  of  fodder,  and  the  live  weight  of  the  animal.  The 
most  domesticated  livestock  populations  in  Ghana  are  cattle,  pig, 
sheep  and  poultry  [Table  13].  It  is  estimated  that  a  cow  normally 
produces  about  16  tonnes  of  manure  (wet  weight)  per  year,  giving 
an  annual  cattle  wet  manure  resource  of  about  22.8  million  tonnes 
in  2008  [59].  At  a  moisture  content  of  87.3%,  this  translates  to  a 
total  dry  weight  of  approximately  2.9  million  tonnes  [21,60,61]. 
About  76%  of  the  cattle  in  Ghana  are  located  in  the  Upper  East, 
Upper  West,  and  Northern  Regions,  and  are  free-roaming,  usually 
kraaled  at  night  [49].  Although  the  majority  of  rural  households  in 
these  areas  keep  some  sort  of  livestock,  livestock  farming  is  adjunct 
to  crop  farming.  In  the  southern  part  of  the  country,  poultry 
keeping  predominates.  However,  sheep  and  goat  production  is 
generally  widespread  throughout  the  country  [60]. 

2.4.5.  Fat,  oil,  and  grease 

Fat,  oil  and  grease  (FOG)  or  urban  grease  waste  are  generated  as 
by-products  from  food  preparation  activities.  These  wastes  can  be 
classified  into  two  categories,  namely  yellow  grease  and  grease 
trap  waste  [59].  Information  on  the  availability  and  potential  use  of 
FOG  as  an  energy  source  in  the  country  is  currently  not  available. 

3.  Biofuels  potential  in  Ghana 

Recent  surges  in  global  fossil  oil  prices,  and  concerns  about 
energy  and  climate  change  from  greenhouse  gas  (GHG)  emissions 
have  prompted  both  developed  and  developing  countries  alike  to 
pursue  course  for  biofuels  production.  Many  sub-Saharan  African 
countries  see  biofuels  also  as  a  way  to  stimulate  rural  develop¬ 
ment,  create  jobs,  and  save  some  foreign  exchange.  To  date,  the 
transport  sector  has  been  the  key  area  for  large-scale  efforts  in 
biofuel  use  worldwide.  The  two  primary  biofuels  consumed  are 
ethanol  and  biodiesel. 

Currently,  the  United  States  and  Brazil,  which  make  ethanol 
from  maize  and  sugarcane,  respectively,  are  the  world’s  two  largest 
biofuel  markets.  In  Africa  in  general  and  Ghana  in  particular,  there 
are  prospects  of  bilateral  or  multilateral  aid  transfer  for  climate 


change  mitigation  through  the  development  of  biofuels.  Ghana,  for 
instance,  could  sell  part  of  her  carbon  credits  to  countries  with  high 
reduction  commitments  under  the  Clean  Mechanism  component 
of  the  Kyoto  Protocol  [5]  and  also  take  advantage  of  biofuel 
production  to  increase  the  consumption  of  modern  energy  [5,60]. 
In  Ghana,  a  large  scope  exists  for  the  exploitation  of  different  types 
of  biomass,  such  as  energy  crops,  agricultural  and  forestry  residues, 
wood  processing  wastes,  and  municipal  solid  waste  for  conversion 
to  biofuels  using  different  routes.  Thus,  biomass  conversion  to 
energy  and  fuels  may  be  rewarding  in  the  country  given  the  large 
availability  of  all  these  biomass  resources  [60].  The  subsections 
briefly  describe  biomass  conversion  technologies  that  have  been 
applied  or  tested  in  the  country  over  the  past  years. 

3.1.  Biomass  conversion  technologies  tested  in  Ghana 

3. 1. 1.  Chemical  transformation 

The  production  and  use  of  liquid  biofuels  as  alternative  fuels  to 
fossil  fuel  is  a  recent  phenomenon  in  Ghana.  Generally,  the  main 
interest  has  been  on  biodiesel  derived  from  jatropha,  palm  oil  and 
soybean.  Some  initiatives  on  biofuel  development  have  already 
been  taken  by  the  government,  the  private  sector,  non-govern¬ 
mental  organisations  (NGOs),  and  the  UNDP  [4]. 

3.1.2.  Biochemical  conversion— anaerobic  digestion 

It  is  estimated  that  approximately  129,200  tonnes  of  organic 
matter  is  available  in  the  MSW  generated  annually  in  Accra.  These 
waste  materials  could  be  potential  feedstock  for  biofuel  produc¬ 
tion.  In  Ghana,  over  240  digesters  with  capacities  ranging  from  6  to 
10  m3  have  been  installed.  Under  a  Bio-sanitation  programme,  the 
Institute  of  Industrial  Research  of  the  Council  for  Scientific  and 
Industrial  Research  of  (CSIR-IIR)  has  installed  several  biogas 
systems  for  various  schools,  prisons,  hospitals  and  district 
assemblies.  It  has  also  promoted  the  utilisation  of  the  solid 
residue  as  a  natural  fertiliser.  Biogas  has  also  been  utilised  to  fuel  a 
combustion  engine  to  generate  electricity  at  Appolonia,  a  rural 
community,  as  a  demonstration  project  of  the  Ministry  of  Mines 
and  Energy  under  the  Renewable  Energy  Programme  [4,60]. 

3.1.3.  Thermal  conversion  processes 

Pyrolysis  is  the  thermal  degradation  of  organic  matter  in  the 
absence  of  oxygen,  and  occurs  at  a  temperature  range  of  400- 
800  °C.  The  primary  pyrolysis  products  of  biomass  are  usually 
referred  to  as  condensable  (tars)  and  non-condensable  volatiles, 
and  char.  The  condensable  volatiles  (tars)  are  often  classified  as 
liquids  (bio-oil),  and  non-condensable  volatiles  are  gases  mainly, 
CO,  C02,  H2  and  Q-C2  hydrocarbons  [58-62].  Basically,  pyrolysis 
can  be  categorised  into  conventional,  slow,  and  fast  or  flash 
pyrolysis.  Conventional  pyrolysis,  which  occurs  under  a  slow 
heating  rate,  has  been  employed  for  the  production  of  charcoal 
[48].  In  flash  or  fast  pyrolysis,  processing  conditions  include:  (1)  a 
very  high  heating  rate  and  heat  transfer  rate,  (2)  finely  ground 
biomass  feed  (<1  mm),  and  (3)  rapid  cooling  of  the  pyrolysis 
vapours  to  give  the  bio-crude  products  [1].  Fast  pyrolysis  is 
associated  with  tar,  at  temperature  range  of  675-775  K,  and/or  gas. 
Slow  pyrolysis  of  biomass,  on  the  other  hand,  is  associated  with  a 
high  charcoal  content  [61-65]. 
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It  is  estimated  that  approximately  976,000  m3  of  forestry 
residues  were  generated  in  the  country  in  2008.  Assuming  a  25% 
availability  of  these  residues,  this  would  imply  that  approximately 
244,000  m3  of  forestry  residues,  amounting  to  122,000  tonnes 
were  available  for  bioenergy  production  that  year.  Biomass  fast 
pyrolysis  could  thus  be  an  attractive  option  because  of  the 
abundant  biomass  resources  in  the  country.  These  could  be 
converted  into  crude  bio-oil  and  used  for  both  transport  and 
combustion.  The  resulting  by-product,  called  biochar,  could  be 
used  for  agronomic  or  horticultural  purposes  such  as  soil 
amendment.  Biochar  has  been  shown  to  increase  soil  fertility  by 
improving  nutrient  and  water  retention.  It  also  lowers  soil  acidity 
and  density,  and  further  increases  microbial  activity  [3]. 

In  Ghana,  only  a  single  pyrolysis  project  has  been  reported.  This 
project  was  implemented  jointly  by  the  Building  and  Road 
Research  Institute,  the  Technology  Consultancy  Centre  of  the 
Kwame  Nkrumah  University  of  Science  and  Technology  (KNUST), 
Kumasi  and  Georgia  University  of  Technology,  USA.  It  aimed  to 
determine  the  feasibility  of  using  pyrolysis  as  an  alternative 
process  for  power  generation.  The  pyrolysis  plant,  which  had  a 
capacity  of  6  tonnes,  utilised  sawdust  as  feedstock  to  provide  an 
alternative  fuel  for  a  brick  kiln.  Char  and  oil  yields  were  projected 
at  25%  and  18%,  respectively.  Unfortunately,  the  plant  had  to  be 
shut  down  following  low  yields  which  ranged  between  6%  and  13% 
that  were  obtained,  in  addition  to  poor  supply  and  drying  of 
feedstock  and  utilisation  of  manual  process  controls  [48].  Recently, 
the  CSIR-IIR  has  teamed  up  with  the  University  of  Southampton  in 
the  UK  to  construct  a  pilot  pyrolysis  plant  for  bio-oil  production 
using  agricultural  crop  residues  and  wood  processing  wastes  in 
Ghana. 

In  gasification,  biomass  is  partially  oxidized  by  controlling 
oxygen  to  produce  combustible  gases.  The  resulting  gas,  common¬ 
ly  called  syngas,  contains  hydrogen  (18-20%),  carbon  monoxide 
(18-20%),  carbon  dioxide  (8-10%),  methane  (2-3%),  trace  amounts 
of  higher  hydrocarbons  such  as  ethane  and  ethene,  water,  nitrogen, 
and  various  contaminants  such  as  small  char  particles,  ash,  tars  and 
oils.  This  could  be  fed  into  a  combined  cycle  gas  turbine  power 
plant.  Gasification  occurs  at  temperatures  around  800  °C.  In  Ghana, 
biomass  gasification  has  only  been  limited  at  research  and 
development  stage  and  evaluation  of  plants  [4].  A  few  feasibility 
studies  have  also  been  conducted  on  the  potential  for  cogeneration 
from  wood  residues.  These  include  feasibility  study  on  Letus  Power 
Plant,  and  case  study  on  the  potential  for  co-generation  from  wood 
residues  in  three  cities  in  Ghana  [48]. 

A  co-generation  plant  with  approximately  6  MW  capacity  has 
been  installed  using  sawmill  and  oil  palm  wastes  as  feedstock.  This 
plant  serves  as  the  source  of  electric  power  for  some  industries  and 
surrounding  communities  without  grid  electricity.  There  is  high 
potential  for  co-generation  in  Ghana,  but  this  potential  is  hindered 
by  factors  including  the  availability  of  cheaper  power  supply  from 
grid  electricity,  lack  of  financial  or  fiscal  incentives,  and  lack  of 
regulatory  requirements  that  would  encourage  investors  to 
generate  and  sell  electricity  to  the  grid  [4].  Currently,  a  few 
industries  use  co-generation,  including  the  SAMATEX  Ltd.  located 
at  Samreboi  in  the  Western  region,  and  STP  in  Kumasi. 

3.2.  National  policy  target  for  biofuels  development 

A  number  of  African  countries,  including  South  Africa,  Nigeria 
and  Ethiopia  have  already  adopted  a  National  Biofuels  Policy.  In 
South  Africa,  three  large  biodiesel  plants  with  a  total  annual 
production  capacity  exceeding  300  million  litres  have  been 
planned.  Furthermore,  a  Biofuels  Industrial  Strategy  which 
stipulates  a  blending  ratio  of  2%  of  biodiesel,  and  8%  of  ethanol 
has  been  adopted.  It  is  expected  that  biofuels  development  would 
create  about  25,000  jobs  in  the  country.  Proposed  crops  as  biofuel 


feedstocks  are  sugarcane  and  sugar  beet  for  ethanol  production, 
and  sunflower,  rapeseed  and  soya  for  biodiesel.  Maize  and 
Jatropha,  however,  have  been  excluded  as  feedstocks  [66]. 

In  Ethiopia,  about  8  million  1  of  bioethanol  is  produced  annually 
using  molasses  as  feedstock.  The  country  is  also  aiming  to  blend  5% 
ethanol  into  its  gasoline  pipeline.  A  UNDP  project  in  the  country  is 
investigating  the  feasibility  of  utilising  ethanol  for  domestic 
purposes  such  as  cooking  and  heating.  Altogether,  the  Ethiopian 
government  plans  to  commit  approximately  24  million  ha  of  land 
to  jatropha  cultivation  [66].  In  Nigeria,  ethanol  production  has 
been  going  on  since  1973  using  cassava  as  the  main  feedstock. 
Already,  the  government  has  adopted  a  10%  blending  policy.  One  of 
the  major  biofuel  companies  in  the  country,  the  Nigeria  Yeast  & 
Alcohol  Manufacturing  Company  plans  to  establish  a  US$200 
million  ethanol  plant,  with  an  annual  production  target  of 
30  million  1. 

In  Mali,  the  Mali  Folk  Centre  has  over  the  years  been  developed 
energy  service  centres  using  20-ha  jatropha  plantations  to  provide 
local  energy  for  activities  such  as  millet  grinding  and  battery 
charging  using  multi-functional  platforms  (MFPs).  Furthermore,  a 
15-year  programme,  which  aims  to  utilise  about  1000  ha  of 
Jatropha  curcas  plantations  to  provide  power  to  approximately 
10,000  residents,  is  also  being  implemented.  Also,  in  Kenya,  the 
Agro  Chemical  and  Food  Cooperation  is  currently  producing 
approximately  60,000  1  per  day  of  industrial  ethanol,  which  is  sold 
domestically  and  also  exported  to  Uganda,  Rwanda  and  Central 
Africa  [66]. 

In  Ghana,  the  government  has  already  given  approval  to  the 
ScanFuel  Company  Limited  to  commence  the  production  of 
biodiesel  in  2009,  using  jatropha  oil  to  be  produced  from  about 
400,000  ha  of  land.  A  Draft  National  Biofuel  Policy  (NBP)  on  the 
production  and  use  of  biofuels  in  Ghana  has  since  2005,  been 
prepared,  and  submitted  to  Parliament  to  be  enacted  into 
legislation.  The  National  Biofuel  Policy,  which  aims  to  accelerate 
the  development  of  the  biofuel  industry  in  the  country  focuses  on 
biodiesel  production  using  jatropha  oil.  It  also  recommends  the 
replacement  of  5%  of  petroleum  diesel  with  biodiesel  by  the  year 
2010,  and  20%  by  the  year  2015  [4].  Apart  from  defining  the 
strategic  objectives  for  biofuels  development,  the  biofuel  policy 
also  makes  recommendations  on  infrastructure  development, 
institutional  framework,  regulatory  framework  including  licens¬ 
ing,  quality  of  product  and  fiscal  incentives  to  attract  investments. 

With  regard  to  research  and  development  (R&D)  on  biomass 
and  biofuels  development,  the  policy  recommends  that  the 
country’s  research  institutions  and  universities  conduct  re  R&D 
with  the  objective  to  improve  the  efficiency  of  biofuels  production 
technologies  so  as  to  reduce  production  costs,  raise  the  quality  and 
efficacy  of  the  products,  and  enable  the  country  Generally,  the 
biofuel  industry  in  Ghana  is  expected  to:  (i)  reduce  the  country’s 
dependence  on  oil  imports  to  enable  some  foreign  exchange  to  be 
conserved,  (ii)  improve  energy  diversification  and  security  in  the 
county,  (iii)  create  rural  employment  to  reduce  rural  poverty,  and 
(iv)  create  a  market  for  agricultural  produce  as  a  source  of  income 
by  selling  carbon  credits  under  the  Kyoto  protocol.  Already, 
national  standards  for  biofuels,  together  with  a  permitting 
framework  and  a  National  Road  Map  for  introducing  biofuels  into 
the  petroleum  sub-sector  have  been  developed  [4]. 

3.3.  Research  gaps  and  next  steps 

Various  R&D  activities  on  biomass  resource  and  biofuels 
development  in  Ghana  have  over  the  past  years  been  focused 
primarily  on  the  development  of  first-generation  biofuels, 
particularly  biodiesel  and  bioethanol,  together  with  analyses  of 
various  biofuel  feedstocks.  Among  the  major  institutions  that  have 
been  engaged  in  these  R&D  activities  are  the  Institute  of  Industrial 
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Research  institutions/Universities 


Research  and  Development  Topics 


CSIR-Institute  of  Industrial  Research  (CSIR-IIR),  Accra 

CSIR-Forestry  Research  Institute  of  Ghana  (CSIR-FORIG) 

CSIR-Savannah  Agricultural  Research  Institute  (CSIR-SARI) 

CSIR-Crops  Research  Institute  (CSIR-CRI) 

Faculty  of  Renewable  Natural  Resources,  CARN,  KNUST,  Kumasi 
Dept,  of  Mechanical,  Chemical  Agricultural  Engineering,  KNUST,  Kumasi 
University  of  Ghana,  Legon. 

University  for  Development  Studies,  Tamale 
University  of  Cape  Coast 

Biotechnology  and  Nuclear  Agricultural  Research  Institute 


Second-generation  technologies  development.  Biogas  technology,  Laboratory  studies 
on  biofuels. 

Development  of  improved  Jatropha  curcas  plant  and  seed  production:  collection  and 
handling,  and  viability  testing. 

Development  &control  of  improved  sweet  sorghum  species. 

Improved  maize  species  development. 

Development  of  second-generation  technologies. 

Plant  design  and  fabrication;  laboratory  testing;  trans-esterification  of  local  feedstock. 
Behavior  of  Jatropha  curcas  plant  under  different  agro-ecological  zones. 

Jatropha  plant  improvement. 

Screening  of  plant  species  for  the  production  of  biodiesel. 

Plant  tissue  culture,  sugar  cane  research. 


Research  of  the  Council  for  Scientific  and  Industrial  Research  (CSIR- 
IIR)  and  the  KNUST,  Kumasi  [Table  14].  Recently,  the  CSIR-IIR  co¬ 
hosted  an  international  workshop  on  Biofuels:  R&D  and  Technolo¬ 
gies  for  a  sustainable  development  in  Ghana,  in  collaboration  with 
the  International  Centre  for  Science  and  High  Technology  (ICS- 
UNIDO)  based  in  Trieste,  Italy.  This  event  has  paved  the  way  for 
various  R&D  activities  on  the  development  of  the  second- 
generation  biofuel  technologies  in  the  country.  Currently,  the 
CSIR-IIR  is  implementing  a  joint  UK-CSIR-IIR  project  on  the 
development  of  the  second-generation  biofuels,  with  a  focus  on 
biomass  fast  pyrolysis  with  the  University  of  Southampton,  UK. 

Based  on  the  results  of  the  review,  some  R&D  gaps  have  been 
identified  which  require  to  be  addressed  in  order  to  enable 
Ghanaian  scientists  and  other  stakeholders  in  the  biofuel  industry 
to  better  understand  current  and  future  availability  of  biomass 
resources,  and  also  biofuels  production  and  utilisation  potential  in 
Ghana.  These  include  inadequate  knowledge  of  the  resource  base, 
and  biofuel  technologies,  particularly  the  second-generation 
biofuels  technologies.  Other  gaps  are  knowledge  of  the  national 
distribution  of  feedstock  and  issues  relating  to  sustainability  and 
greenhouse  gases  (GHGs)  impacts  as  a  result  of  both  feedstock  and 
biofuel  production.  In  the  meantime,  it  is  relevant  to  focus  biomass 
resources  and  conversion  technologies  R&D  activities  on:  (i) 
biomass  feedstock  assessment,  (ii)  the  characterisation  of  potential 
biomass  feedstock  for  second-generation  biofuels  production,  (iii) 
data  collection  on  agricultural  and  forestry  biomass,  (iv)  the 
development  of  second-generation  biofuels  technologies  particu¬ 
larly,  bio-chemical  and  thermo-chemical  routes,  including  fast 
pyrolysis,  (v)  biomass  process  and  kinetic  modelling,  (vi)  the 
establishment  of  pilot  and  demonstration  plants,  (vii)  the 
development  of  supply  chain  concepts,  (viii)  analysis  of  production 
costs,  and  (ix)  the  use  of  bio-technology  to  develop  new  feedstock 
varieties  for  biofuels  production.  It  should  be  possible  to  develop 
models  to  integrate  agriculture,  forestry  and  biofuel  markets,  and 
to  analyse  GHG  implications  of  changes  in  the  various  biofuel 
programmes,  policies  and  market  conditions. 

4.  Sustainability 

In  both  developed  and  developing  countries,  fossil  fuel  price 
fluctuations  and  climate  change  are  drivers  to  the  increasing 
interest  in  biofuels.  Most  of  the  developed  countries  are  moving 
from  voluntary  to  obligatory  legislations,  resulting  in  an  increase  in 
the  market  share  of  biofuels  in  the  transport  sector.  A  number  of 
African  countries,  including  Ethiopia,  South  Africa  and  Egypt  are, 
however,  at  the  various  stages  of  initiating  large-scale  biofuels 
production  aimed  to  capture  the  benefits  of  its  value  chain.  At  the 
same  time,  an  increasing  numbers  of  African  countries  have  also 
found  themselves  becoming  potential  suppliers  of  feedstock  from 
the  development  of  large  scale  plantations  of  energy  crops  driven 
by  demand  in  the  EU  and  the  USA  [66].  In  Ghana,  the  local 


production  and  use  of  biomass  resources  as  a  substitute  for  fossil- 
based  fuel  offers  many  attractive  benefits  for  the  country. 
However,  they  could  also  have  negative  effects  if  not  properly 
managed.  Thus,  socio-economic  and  environmental  implications 
are  required  to  be  considered  with  the  objective  of  forming  the 
basis  of  addressing  the  potential  impacts  of  biomass  resource 
development,  and  also  to  guide  appropriate  national  policies  and 
strategies  development. 

4.2.  Socio-economic  implications 

The  current  global  interest  in  biomass  resource  and  biofuel 
production,  especially  in  the  area  of  transportation  fuels,  presents 
an  opportunity  for  both  domestic  and  foreign  investment  in  Ghana 
as  well  as  increased  export  earnings.  In  Ghana,  biomass  has  a 
varied  effect:  it  would  boost  agricultural  development  and 
technological  advancement,  and  further  bring  opportunities, 
thereby  improving  the  quality  of  life.  Also,  because  biomass 
resources  can  be  converted  to  liquid  and  gaseous  fuels,  electricity 
and  process  heat,  they  can  increase  access  to  modern  forms  of 
energy  for  the  population.  Moreover,  producing  biomass  resources 
locally  reduces  the  country’s  dependence  on  foreign  energy 
sources,  and  vulnerability  to  supply  disruptions.  Biomass  resource 
cultivation,  harvesting,  and  processing  could  have  a  direct  impact 
on  rural  development.  Biomass  and  biofuels  production  could 
improve  rural  livelihoods  by  providing  new  income  opportunities 
to  their  families  [19].  However,  biomass  production  should  not  be 
made  to  affect  food  security  in  the  country.  It  should  rather 
positively  contribute  to  increasing  the  productivity  of  food  crops 
cultivated  by  the  farmers  producing  the  bioenergy  crops.  Efforts 
should  be  made  to  avoid  human  health  impacts  and  risks  through 
regular  training  and  awareness  on  the  impacts  of  biofuel 
production  and  use  [67]. 

4.2.  Environmental  impact 

Potential  environmental  benefits  to  be  derived  from  the  local 
production  and  use  of  biomass  resources  and  biofuel  production 
include  offsetting  GHG  emissions  associated  with  burning  fossil 
fuels,  waste  utilisation,  and  erosion  control.  Clearly,  biomass 
technology  may  benefit  the  environment  while  at  the  same  time  it 
may  help  solve  some  pressing  environmental  problems.  It  is 
reported  that  using  biomass  to  produce  energy  is  carbon-neutral 
because  it  releases  roughly  as  much  carbon  dioxide  (C02)  as  it 
takes  in.  For  instance,  for  every  MWh  of  power  generated  using 
biomass,  approximately  1.6  tonnes  of  C02  are  avoided.  Also,  the 
use  of  biomass  resources,  managed  in  a  sustainable  way,  could 
reduce  C02  emissions  and  thus  help  tackle  global  warming  [19]. 
Methane,  the  principal  component  in  biogas,  is  produced  by 
anaerobic  digestion  or  fermentation  of  biodegradable  materials 
such  as  manure.  It  is  also  one  of  the  potent  GHGs.  According  to  the 
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IPCC  (Intergovernmental  Panel  on  Climate  Change),  methane  is 
about  21  times  as  effective  as  C02  at  trapping  heat  in  the 
atmosphere.  Therefore,  reducing  1  tonne  of  methane  has  the  same 
positive  effect  as  reducing  21  tonnes  of  C02.  The  use  of  MSW, 
which  is  abundant  in  Ghana,  as  an  energy  source  could  provide  two 
important  benefits,  namely  environmentally  safe  waste  manage¬ 
ment  and  disposal,  as  well  as  clean  electric  power  generation  [19]. 

Negative  environmental  impacts  associated  with  the  produc¬ 
tion  and  use  of  biomass  resources  include  inappropriate  land  use 
(deforestation),  land  availability,  land  use-conflicts,  increased  GHG 
emission,  loss  of  biodiversity,  and  soil  erosion.  Since  majority  of 
Ghana’s  population  relies  almost  entirely  on  biomass  resources  for 
their  energy  needs,  using  alternative  sources  of  energy  is  seen  to  be 
crucial  to  forest  sustainability.  The  planting  of  energy  crops,  for 
instance,  could  increase  vegetation  coverage,  and  substantially 
improve  the  local  environment  such  as  reduction  of  soil  erosion. 
But,  extensive  use  of  tillage,  fertilisers  and  irrigation  could  lead  to 
the  deterioration  of  the  physical  and  chemical  properties  of  soil, 
such  as  reduced  soil  fertility,  accumulation  of  toxic  substances,  and 
reduced  organic  matter.  Residues  left  on  the  farms  improve  the  soil 
by  returning  the  nutrients,  and  also  inhibit  weed  growth.  The 
development  of  cellulosic  ethanol  and  pyrolysis  oil,  however,  may 
cause  some  of  the  farmers  to  remove  huge  amounts  of  agricultural 
crop  residues  for  sale  in  order  to  increase  their  income  to  the 
detriment  of  the  soil  [19]. 

5.  Conclusions 

This  review  critically  focuses  on  biomass  resources  currently 
available  in  Ghana,  and  the  potential  to  utilise  them  for  the 
production  of  various  types  of  biofuel.  The  review  shows  that  a 
variety  of  biomass  resources  exists  in  the  country,  and  that  there  is 
also  an  immense  opportunity  for  their  conversion  to  various  types  of 
biofuels  using  different  biomass  conversion  technologies  that  are 
currently  available.  The  availability  of  different  types  of  agricultural 
crop  residues,  forest  residues  and  wood  processing  wastes  in  Ghana 
makes  them  potential  biofuel  feedstocks,  particularly  for  the 
production  of  the  second-generation  biofuels.  Also,  the  organic 
portion  of  MSW,  together  with  animal  manure  could  play  a  major 
role  as  potential  feedstocks  for  the  production  of  biogas. 

However,  there  are  currently  a  lot  of  both  public  and 
environmental  concerns  with  respect  to  biofuel  development  in 
Ghana.  Therefore,  any  decision  to  select  a  particular  energy  source 
for  national  biofuel  development  would  depend  on  factors  such  as 
technical,  economic,  social  and  environmental  benefits  that  would 
be  derived  from  the  implementation  of  such  schemes.  Therefore, 
such  schemes  should  not  be  implemented  in  haste,  but  rather 
should  first  proceed  cautiously  in  the  form  of  pilot  schemes,  which 
may  then  be  transformed  into  large-scale  schemes. 
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